Traditional idea generation techniques based on customer input usually collect information on new product needs from a random or typical set of customers. The "lead user process" takes a different approach. It collects information about both needs and solutions from users at the leading edges of the target market, as well as from users in other markets that face similar problems in a more extreme form.
Introduction
Many firms generate new product ideas based on information collected from current or potential users. What distinguishes such "customer-focused" processes across companies is the kind of information they collect and the respondents from whom they collect it. Most traditional market research techniques collect information from users at the center of the target market. The "lead user" (LU) process takes a different approach, collecting information about both needs and solutions from the leading edges of the target market and from markets facing similar problems in a more extreme form.
The research question we address in this paper is: how does the lead user process actually perform relative to more traditional market research techniques? We are motivated to explore this matter by accumulating evidence that ideas generated by traditional processes are rarely breakthroughs, tending instead to be marginal contributors to firms' product portfolios (Eliashberg et al.1997 ). This has heightened interest in non-traditional techniques in general, and in novel idea generation techniques in particular (Goldenberg et al 2001) . Additional motivation is provided by a study by Urban and von Hippel (1988) , who evaluated the LU concept in a laboratory setting. They found that new product concepts generated from lead user data in the area of computer-aided systems for the design of printed circuit boards (PC-CAD) were strongly preferred to those generated from more mainstream users by a sample of PC-CAD users. That result suggested that a carefully monitored field assessment of the effectiveness of an implementation of the procedure would be of value.
Our research involved two phases. The first was a qualitative examination of new product development-related attitudes and actions observed among informants working at 3M, a corporation known for its emphasis on innovation. Information gathered in this phase would allow us to understand these innovation-related activities in depth, and help us to develop context-appropriate quantitative measures. The second research phase was a natural experiment conducted within 3M divisions to quantitatively compare outcomes produced by LU idea generation projects with those of projects using more conventional approaches.
Our findings show that the lead user method leads to a higher rate of breakthrough new product generation at 3M than traditional methods produce. Compared with traditional projects, funded ideas emerging from LU studies had higher novelty (usually being judged "new to the world"). Also, estimated sales in year 5 for funded lead user project ideas were more than eight times higher than those generated by contemporaneous traditional projects: Lead user projects were forecast to generate an average of $146 million in annual sales, versus an average $18 million for traditional projects. Funded ideas from a total of only 5 LU idea generation projects are conservatively projected to yield $730m in incremental annual sales for 3M.
In section 2 of this paper, we review relevant literature and present and discuss our research hypotheses. In section 3, we describe our research methods. In section 4 we present our findings. In section 5 we discuss the implications of the study, and in section 6 we offer suggestions for further research.
Research context, research setting, pilot research and hypotheses
Two major research findings about the sources of innovation led to the development of the lead user process. The first showed that users rather than manufacturers are often the initial developers of what later become commercially significant new products and processes (e.g., Enos 1962 , Freeman 1968 and Shaw 1985 . The second finding showed that innovation by users tends to be concentrated among "lead users" of those products and processes (Urban and von Hippel 1988 , Morrison et. al. 2000 , Shah 1999 , Luthje 2000 . Lead users are users of a given product or service type who combine two characteristics: (1) they expect attractive innovation-related benefits from a solution to their needs and so are motivated to innovate, and (2) they experience needs for a given innovation earlier than the majority of the target market (von Hippel 1986 ).
Research on innovation-related incentives and capabilities provides a theoretical basis for these empirical observations on innovation by users in general, and innovation by lead users in particular. From the perspective of innovation as an economically motivated activity (Mansfield 1968) , those users expecting significantly higher economic or personal benefit from developing an innovation -one of the two characteristics of lead users -have a higher incentive and are more likely to innovate. Also, given that lead users experience needs in advance of the bulk of a target market, the nature, risks, and eventual size of that target market are often not clear to manufacturers. This lack of clarity can reduce manufacturers' incentives to innovate, and increase the likelihood that lead users will be the first to develop their own innovative solutions for leading-edge needs -including those that later prove to represent mainstream market demand (Gans and Stern 1999) .
Established customer-driven new product idea generation processes are not yet exploiting the potential value of need and solution information from lead users. These processes focus on collecting new product need data from average or major customers within target markets rather than lead users.
(See, for example, Griffin, 1997 , Rossiter and Lilien, 1994 , McQuarrie, 1998 and Goldenberg et al, 1999 . Von Hippel, Churchill and Sonnack (2000) have developed and documented an idea generation process designed to collect both need and solution data from lead users. This process involves four major steps as follows: (1) Goal Generation and Team Formation, (2) Trend Research, (3) LU Pyramid Networking, and ( 4) LU Workshop and Idea Improvement. In step 3, unique to the lead user process, the project team engages in a "pyramid" networking exercise to identify and learn from users at the leading edge of the important trends selected as the focus of an idea generation study. In contrast to the related snowballing technique, which searches for sample members with rare characteristics in common, the pyramid technique relies on the fact that people with a strong interest in a topic or field tend to know people more expert than themselves.
Lead user project teams use the pyramid technique in conjunction with telephone interviewing to network their way up "pyramids of expertise." They identify increasingly expert lead users in a field of interest at the leading edge of the target market, and then identify lead users in other markets facing similar challenges in an even more advanced or extreme form. Team members then shape the information they have collected into preliminary product, service and strategy ideas. Finally, they assess the business potential of these ideas for their firm.
Von Hippel, Churchill and Sonnack (2000) provide justification and details of the approach; the effectiveness of that approach forms the basis of our study.
Research Setting
Our goal in this paper is to compare the effectiveness of the LU procedure in a field setting against procedures used by non LU teams in the same setting. Following Cook and Campbell (1979) , we sought a field situation that could closely approximate a pre-post/test-control situation, with at least quasi-random assignments to treatment cells. Such a situation requires a participating organizational field site that satisfies three conditions. First, the site should be one for which innovation has historically been strategically important. This condition would ensure that the LU intervention would not signal a concurrent increase in the strategic incentive to innovate, a change that might improve innovation performance independent of any effect caused by the method itself.
Second, the site must be using both LU and traditional idea generation methods, which could act as a control within the same organizational units in parallel with the LU method. Third, the site must have data on a sufficient number of projects utilizing both LU and traditional idea generation processes, to permit statistical distinction between the effect of the methods from other firm or industry-specific characteristics. (Henceforth we will use the term "non LU" methods to refer to the range of more mainstream methods 3M has traditionally employed for idea generation.)
At the time of our study, we found that 3M satisfied these three requirements as follows:
1. 3M has historically been known for and has always placed major emphasis on innovation. As they note in their 1999 Annual Report, "For nearly 100 years, 3M has grown by pioneering innovative technologies and products…. Innovation remains the driving force of 3M culture and growth." (3M, Annual Report, 1999 p. 12.) 2. 3M first began using the lead user method in one division in 1996. By May 2000, idea generation projects using the lead user method had been carried out in several divisions, each of which was at the same time also employing more traditional idea generation methods. These divisions therefore could play the role of experimental units.
3. By May 2000, 3M had completed 7 LU projects and had funded further development of the ideas generated by 5 of these. The divisions carrying out LU projects also had 42 contemporaneouslyfunded projects available for study. These comparison projects used a range of non LU idea generation processes to be described later.
Note that while 3M cooperated in our study and permitted access to company records and to new product development team members, the firm did not offer us a controlled experimental setting with random assignments of participants, balanced cell designs and the like. Rather, the organization agreed to serve as an environment for a natural experiment where we as researchers would have to account for any naturally occurring differences after the fact.
Pilot research and hypotheses
As prior research offered little information regarding in-company experience with LU idea generation methods, we began our research by conducting an inductive, qualitative research phase at 3M. Our goal was to generate specific research hypotheses and associated measurements. Our approach utilizes a research tradition informed by both ethnographic (Douglas 1986; Lave 1988 , Van Maanen 1988 and Workman 1993) and Grounded Theory (Glaser and Strauss, 1967 ) perspectives, incorporating two major goals: 1. Allow data and the field to drive hypothesis generation and measurement development (Wenger 1998) ; 2 Develop trust-based relationships between our research team and 3M new product development professionals sufficient to ensure cooperation and accuracy during data collection.
To implement these goals, we interviewed more than 20 managers and related new product development professionals in several 3M divisions. Those interviewees represented both the technical/scientific and the business side of new product development, and included both LU and non LU project participants. We asked about and studied the variables and scales associated with 3M's own internal new product development measurement, prioritization and resourcing decisions and integrated them with those we acquired from the academic literature.
We then used what we had learned to develop both hypotheses and measurement instruments.
Three clear concerns about the lead user process emerged during the course of our interviews.
First, some interviewees expressed concern that ideas developed via the lead user process might have low "organizational fit" with the 3M technical, production and market environment, and hence, be less likely to be judged worthy of funding by 3M management. If this concern proved correct, it would represent a major barrier to gaining actual marketplace benefit from any breakthrough ideas generated by the lead user method. Second, some managers expressed a concern that a process built upon distilling new ideas from lead user needs and prototype solutions would result in ideas that could not be effectively patented by 3M. Since patents are an important source of competitive advantage for 3M, such a result would represent a major drawback to the method if true. Third, many LU participants expressed concern about the greater time and effort involved in the LU idea generation method relative to alternative approaches, and the impact of this time and effort on managers' willingness to use the method.
Following our grounded research, we used our findings to generate 5 hypotheses. Hypotheses 1 and 2 measure basic outputs. Hypotheses 3-5 express the three major concerns of interviewees, described above, in hypothesis form. Taken together, these 5 hypotheses deal with the types of basic issues that are most appropriate to study, given our current state of research knowledge.
Our 5 hypotheses are:
H 1 : Lead user methods will generate ideas with greater commercial potential than will non LU methods H 2 : Lead user methods will increase the overall rate at which the organization generates major new product lines.
H 3 : Projects from LU methods will exhibit a lower level of organizational "fit" than will non LU projects.
H 4 : Ideas generated by LU methods will be less protectable by patent or other means of intellectual property protection than will ideas generated by non LU methods.
H 5 : LU methods will cost more in money and time than non LU methods to generate ideas forming the basis for funded projects.
Research samples, data collection instruments and methods

Research samples
In order to assess the effectiveness of the lead user method of idea generation relative to more traditional methods, we sought samples of development projects in 3M Divisions that differed with respect to their use of the LU process, but that were in other respects as similar as possible to those from the LU process. Where unavoidable differences did exist between our samples, we attempt to err in the conservative direction to ensure that we do not overly favor the outcomes of the LU process. Our first decision was to control for the impact of Division-related variables by selecting projects only from Divisions that were carrying out both LU and non LU projects. Within these Divisions, we selected two types of samples, which we describe next.
Cross-Sectional Sample
Our first sample consists of "funded ideas." 3M has a formal set of stages through which ideas generated by any method must pass. The earliest stage involving critical management review is the initial request for funding. Our sample of funded ideas was a complete census of all ideas receiving funding in the 3M divisions that funded both LU and non LU project ideas during our data collection period of February, 1999 to May, 2000. We identified funded ideas via divisional records and generated a sample of 5 funded ideas developed by LU studies ("LU ideas") and 42 funded ideas developed by other, more traditional divisional processes ("non LU ideas').
We now had a set of ideas generated by LU and non LU processes that management considered promising enough to fund at the same point in time -thus we controlled for any variation over time in criteria that management might apply to the funding decision. We next had to address the issue of possible differences between project staffing and performance incentives. To explore possible staff differences , we compared the backgrounds, personalities and skills of LU project participants with those in non LU groups via a survey. We found that those staffing LU and non LU groups were not significantly different in terms of job level, years employed at 3M, rate of career advancement, and other background variables. However, they did differ significantly on two selfreported skill dimensions. LU project participants gave themselves significantly higher ratings with respect to general marketing/sales skills (the means differed by 0.72 points on a 5 point scale, p < .03). Also, non LU project participants gave themselves significantly higher ratings on technology skills (the means differed by 0.62 points on a 5 point scale, p<.05). In addition, LU group participants differed significantly from non LU group participants on one of four Myers Briggs scales: they rated significantly higher on the extrovert/introvert diimension (the means differed by 11 points on a 100 point scale, p<.08).
The differences above are a source of concern with respect to the validity of our natural experiment on the impact of the lead user idea generation process. For example, it is possible that LU project teams might generate better ideas simply because they comprised more skilled (and extroverted) marketing researchers. However, consider the following two points. First, although the difference was statistically significant, LU team members ranked themselves on average only 15%
higher on the marketing/sales skills scale than did non LU team members. Second the overlap between conventional marketing research skills and the activities prescribed for lead user teams is low -and the skill level differences reported did not correlate significantly with differences in the activities the team members reported carrying out during their projects.
1
We next sought differences in the motivation of LU and non LU team members to achieve a breakthrough and found none. Our interviews with 3M management revealed that concerns about corporate growth and margins had led to intense pressure being put on all personnel at the levels of LU and non LU team members to achieve new "breakthrough" products and product lines. A content analysis of formal annual performance goals set for the individual LU and non LU team members in the one division that allowed us access to this data supported management's' views that equivalent pressure for breakthroughs was applied to all.
Even given equal incentives apparently being applied to LU and non LU project teams, it is possible that Hawthorne or placebo effects were impacting these teams differentially. (For our purposes here, the Hawthorne effect can be described as "I do better because extra attention is being paid to me or to my performance." The placebo effect can be described as "I expect this process will work and so will strive to get the results that have been described to me.") While such effects are possible, our fieldwork suggests that neither effect was likely to positively and differentially affect the performance of teams using the LU method. At 3M, as at most companies, high profile activities are burdened by high management attention paid to those activities, resulting in more frequent reporting and restricted horizons. Also, our qualitative research showed that at 3M employees generally view new processes introduced to the company with skepticism rather than with the expectation that they will perform well.
With respect to the intended difference under study -use of lead user methods within projects -all lead user teams employed an identical lead user process taught to them with identical coaching materials and with coaching provided by members of the same small set of internal 3M coaches. In accordance with traditional 3M practice, idea generation leading to funded non LU projects was an internal process using informal methods and carried out by marketing and lab personnel. Non LU teams used data sources used for idea generation that varied from project to project and included market data collected by outside organizations, data from focus groups with major customers and from customer panels, and information from lab personnel. Non LU teams never reported collecting information from lead users -they collected market information only from target markets. We refer to these traditional 3M idea generation practices as non-LU idea generation practices.
Thus while not satisfying the random assignment criterion for experimental design, these samples appear to satisfy the "rough equivalence" criteria in test and control conditions associated with natural or quasi-experimentation.
Longitudinal Sample
Preliminary analysis of the outcomes of the LU process showed that lead user teams were generally developing ideas for major new product lines, suggesting that it was important to generate an additional sample of non LU comparison projects. As major new product lines generally emerge rarely, we chose this second sample to consist of all major new product lines introduced to the marketplace between 1950-2000 by the 3M divisions that had executed one or more LU studies.
(1950 was as far back as we could go and still find company employees who could provide some data about the innovation histories of these major products lines.)
Major product lines -such as the familiar lines of Scotch transparent tapes and Post-It memo pads -are vital to the financial success of 3M. Following the advice of 3M controllers (and in line with Stalk, Pecaut and Burnett, 1996) we operationalized the concept of major product lines as those that were separately reported upon in divisional financial statements. In 1999 in the 3M divisions we studied, sales of individual major product lines ranged from 7% to 73% of total divisional sales.
Major product lines at 3M tend to be long lived: we were able to identify only two, relatively small ones in our sample that had been discontinued after being initiated in the period 1950-2000. Each major product line had also been broadened over time, resulting in general patterns of strong growth and good profit margins.
Our sample of major product lines developed via non LU methods contains 21 cases that met our criteria and that had been developed and funded by the divisions executing LU studies during the 1950-2000 period. We will compare data on these non LU major product lines with data related to the 5 funded ideas developed by LU methods that produced outcomes meeting the criteria for major product lines.
The data for our longitudinal sample of major product lines is neither as complete nor likely to be as accurate as were the data collected for our cross-sectional sample. With respect to completeness, we have no data on the characteristics of the personnel involved in major product line developments prior to 1997, nor do we have data on incentives applied to or any specifics regarding idea generation methods used by these personnel. Detailed data on these matters were not available from either corporate records or interviews. The data collected for our longitudinal samples depends upon the recall of a small number, usually only one or two, informants for each case. While these informants had been actual participants in the projects they were describing, the accuracy of the reports is questionable, as, in many cases, the innovations they described were made decades earlier.
An additional concern about the appropriateness of at least the earlier members of this comparison sample is that conditions within 3M and also within the general US and world economies have varied significantly over the 50-year analysis timeframe.
In sum, the quasi-experimental field setting for this research involves several potential threats to validity and generalizability of findings. As discussed above, we believe that these threats are quite small in the case of our cross-sectional sample, but are more significant in the case of our longitudinal sample.
Data collection instruments
We developed two data collection instruments for use during our study, as follows:
Outcomes Survey. We developed a New Product Idea Description Form from measures used in previous academic research: novelty of ideas, originality/newness of customer needs, and potential for proliferating into an entire product line from the New Product Creativity scale (Moorman and Miner, 1997) ; company sales/ market share from the new idea in year 5, and probability of business success from NPD Success Criteria (Griffin and Page, 1996) ; and global market potential for all competitors from Cooper, (1993) . We supplemented these measures with items revealed during the exploratory phase of the research. These latter items included several that were in general use within 3M as part of their internal new product idea assessment procedure. We carefully pre-tested all items and refined them during preliminary instrument development meetings with participating staff at 3M.
We tested if the scales had meaning to the respondents in their specific organizational setting and retained those that respondents said did have meaning.
Process Survey. We developed a process instrument to measure individual skills in idea generation activities, personality traits, and individual characteristics such as job level, time in the job, and R&D/ marketing/ accounting/ manufacturing expertise. We developed items for the individual skills identified in the literature to be associated with generating new product ideas (Thomas, 1993) and supplemented those items with skills identified from interviews with lead user team leaders and their primary LU trainer. We measured personality traits using a web-based version of Myers-Brigg's Personality Inventory (www.personalitypage.com).
Data collection methods
We executed our quantitative data collection for all currently-funded projects as follows. We began with face-to-face meetings with each LU project team leader. In these meetings we asked each project leader to: (a) identify and recruit the members of their team as respondents; (b) identify and recruit appropriate respondents within the same division to provide non LU idea method data; and (c) describe the New Product Development goals and outputs from the LU project, provide organizational information about their division, and provide process information.
After our meetings with team leaders, we contacted the respondents identified in (a) and (b) above. The respondents from non LU idea generation methods provided detailed information both on funded ideas as well as on process data. Respondents returned all (100%) of the Idea Description
Forms for LU projects and 79% for non LU projects, and 94% of the Process Measure Forms for LU projects and 86% for non LU projects. These response rates are sufficiently high to suggest that validity checks for non-response bias are not needed: (Malhotra, 1996) .
We collected data on major new product ideas developed early in the 1950-2000 period through in-depth interviews conducted with long-tenure employees in each of the LU study-divisions who had a good knowledge of their division's and product line histories. We converted all historical dollar figures to 1999 dollar equivalents using U.S. consumer price index data (Council of Economic Advisors 2000).
Analysis and Results
To study outcomes, we performed two sets of analysis: a cross-sectional analysis of the census of all contemporaneous funded ideas (that is, currently funded ideas in the data collection period February 1999 -May 2000 , and an intertemporal analysis of major product lines, for which we will compare the LU results with a 50 year history of major product line development at 3M. We will use both of these sets of data to test our hypotheses.
In several of our analyses, we compare forecast data (projected sales for a line of products not yet launched) with actual, historical sales. In order to develop a conservative basis for these comparisons, we explored both the general literature and 3M historical data. In the general literature, Armstrong's (2001) review on forecast bias for new product introduction indicates that forecasts for new product sales are generally optimistic, but that that upward bias decreases as the magnitude of the sales forecast increases. Coller and Yoln (1998) review the literature on bias in accuracy of management earnings forecasts and find that little systematic bias occurs. Tull's (1967) model calculates $15 million in revenue as a level above which forecasts actually become pessimistic on average.
We collected data from five 3M division controllers responsible for authorizing investment expenditure for developing new ideas into products and also obtained data from a 1995 internal study that compared such forecasts with actual sales. We combined this information to develop a distribution of forecast errors for a number of 3M divisions, as well as overall forecast errors across the full corporation. Those errors range from forecast/actual of +30% (overforecast) to -13%
(underforecast). Based on the information just described, and in consultation with 3M management, we chose a 25% sales-forecast deflator to apply to all projected sales data in the analysis that follows.
That deflator is consistent with 3M's historical experience and, given Tull's (1967) findings, should provide conservative sales projection figures. 
Cross-sectional findings: Comparison of contemporaneously-funded ideas generated by LU and non LU Methods
We began our empirical analyses with a comparison of all "funded ideas" that were generated by LU and non LU methods during the time period of our data collection (February 1999 to May 2000 . Table 1 provides a census of all funded ideas during the noted period in the 5 divisions that funded LU ideas. During that time, five ideas generated by lead user projects were being funded along with 42 ideas generated by non LU idea generation methods.
From Table 1 , we see that LU ideas are significantly more novel than are ideas generated by non LU methods, address more original/newer customer needs, have significantly higher market share, have greater potential to develop into an entire product line, and are more strategically 2 We find no reason to apply a different deflator to LU vs non LU project sales projections. Even if LU project personnel were for some reason more likely to be optimistic with respect to such projections than non LU project personnel, that would not significantly impact our findings. Over 60% of the total dollar value of sales forecasts made for LU projects were actually made by personnel not associated with those projects (outside consulting firms or business analysts from other divisions). 0.24 * Note: these items were measured using a 10 point rating scale, where 10=high, 1=low ** Funded lead user ideas: all are for major product lines. *** Funded non LU Ideas: one is for a major product line, 41 are incremental ideas.
important. We also find that the LU ideas have projected annual sales in year 5 that are eight times higher than those of ideas generated by non LU methods -an average of $146 million versus an average of $18 million in forecast annual sales. Thus, we find support for hypothesis H 1 : lead user methods do appear to generate ideas with greater commercial potential than do non LU methods in this sample (p<0.005).
We also found that LU ideas differed in kind from ideas produced by non LU methods. Non LU methods produced mainly funded ideas for product improvements and extensions to existing product lines. In contrast, the LU method produced funded ideas that fit 3M divisional criteria for major product lines. Those ideas were clearly different from existing product lines, and the projected sales of each fell well within (and sometimes exceeded) the proportion of divisional sales accounted for by existing individual divisional major product lines: projected sales five years after introduction for funded LU ideas, conservatively deflated as discussed above, ranged from 25% to over 300% of current total divisional sales. Table 2 shows the qualitative difference in the type of product (incremental vs. major product line/breakthrough) that the LU process has been generating. Using a chi square test, the probability of this outcome occurring by chance is p < 0.005. To illustrate what "major product line" innovations that LU process teams generated at 3M
were like, we briefly describe four:
1. A new approach to the prevention of infections associated with surgical operations. The new approach replaces the traditional "one size fits all" approach to infection prevention with a portfolio of patient-specific measures based upon each patient's individual biological susceptibilities. This innovation involved new product lines plus related business and strategy innovations made by the team to bring this new approach to market successfully and profitably.
2. Electronic test and communication equipment that, for the first time, enables physically isolated workers such as telecommunication equipment repair people to carry out their problem-solving work as a team. Linked workgroup members can contribute to the solution of a problem being worked upon by a single, physically isolated worker in real time.
3. A new approach, implemented via novel equipment, to the application of commercial graphics films that cuts the time of application from 48 hours to less than 1 hour. (Commercial graphics films are used, for example, to cover entire truck trailers, buses and other vehicles with advertising or decorative graphics.) The LU team ideas involved needed technical innovations plus related channel and business model changes to help diffuse the innovation rapidly.
4.
A new approach to packaging fragile items in shipping cartons to replace current packaging materials such as foamed "plastic peanuts." The new product lines implementing the approach are more environmentally friendly and much faster and more convenient for both shippers and package recipients than are present products and methods.
Recall that, following hypthesis 3, interviewees in our phase 1 research proposed that the apparently more ambitious outcomes from the LU process would be less compatible with key organization-fit criteria than would non LU ideas. The last three items in Table 1 address this issue:
we find no statistical difference in quality of fit of LU and non-LU ideas with respect to existing divisional distribution channels, manufacturing capabilities or divisional strategic plans. Hence, we cannot reject the null hypothesis H 3 that LU and non LU major product lines are equal on these critical dimensions of organizational fit (p>.10).
In line with hypothesis 4, interviewees proposed that ideas generated by the lead user method would be less protectable by patents than would ideas generated by other methods. A single item in Table 3 tests this hypothesis and we cannot reject the null hypothesis H 4 that LU and non LU major product lines are equal on intellectual property protection (p>.10). It may be that the novel synthesis of a number of lead user ideas that is carried out during the LU process enables 3M to obtain as effective intellectual property protection for LU process ideas as for non-LU ideas generated internally by the firm. Finally, we hypothesized (H 5 ) that lead user idea generation methods would cost more in time and money than would idea generation methods used in our sample of comparison projects. This hypothesis is supported by our data. An audit of idea development time shows that the generation of a funded LU idea consumed 154 (sd. = 82) person days on average. In contrast, generation of an average non LU idea consumed an average 60 (sd. = 43) person days, rejecting the hypothesis of equality of these two means at the p <0.05 level. Using internal 3M data on average costs of professional development personnel, we obtained a total cost of approximately $100,000 per funded LU project (including additional costs associated with the LU training) versus $30,000 for non LU projects. After accounting for the different probability of success for LU projects (Table 1: 80% for LU projects vs. 66% for the census of non LU projects), we determined that 3M pays about $80,000 more, on average, for a successful LU project than it does for a successful non LU project.
Longitudinal findings: Comparison of major product line ideas generated by LU and Non
LU Methods
Noting that the LU method has tended to produce ideas for major product lines, we now compare the major product line ideas generated by the LU method with those generated earlierduring the period 1950-2000 -by the 3M divisions in our study using non LU methods. As discussed earlier, the 3M divisions we studied produced 21 major product lines during the 1950-2000 period.
During the 1997-2000 period, they produced 5 of those major product lines using LU methods and two using non LU methods. Examples of major product lines generated by non LU methods in our 1950-2000 sample include:
1. Scotch tape: A line of transparent mending tapes that was a major success in many household and commercial applications.
2. Disposable patient drapes for operating room use: A pioneering line of disposable products for the medical field now sold in many variations.
3. Box sealing tapes: The first type of tape strong enough to reliably seal corrugated shipping boxes, it replaced stapling in most "corrugated shipper" applications.
4. Commercial graphics films: Plastic films capable of withstanding outdoor environments that could be printed upon and adhered to vehicles. This product line changed the entire approach to outdoor signage.
Insulation displacement-type connectors:
This type of connector makes reliable electrical connections to telecommunication wires by displacing insulation and contacting the metal wire underneath. This technology represents a significant improvement over previous technologies, and has become the standard type of wire connector in the telecommunications field.
Our sample of ideas for new major product lines provides additional tests of H 1 through H 4 .
However, that sample does not permit an alternative means to test hypothesis 5, as we have no data on the costs of idea generation for major product lines developed prior to 1997. We begin with alternative tests for H 1 , the hypothesis that lead user methods will generate ideas with greater commercial potential than will non LU methods. Here we consider an alternative to H 1 , call it H 1A , that focuses on major new product lines only. H 1A proposes that ideas for major product lines developed by LU methods will have greater commercial potential than those generated by non LU methods. As major product lines occur relatively infrequently and because many aspects of the economic environment have changed drastically in the period 1950-2000, we can only provide a rough test of this hypothesis with our data.
To proceed, we make the following two assumptions:
A1. Returns from all major product lines that have emerged at 3M using methods other than the LU method can be considered as draws from the same probability distribution.
A2. Revenue projections for LU major product lines are biased to the same degree on average as historical projections have been for other major product lines.
A1 allows us to compare the major product lines from the LU method with all major product lines in these divisions during the prior four decades. A2 allows us to use historical 3M figures on major product line forecast error to adjust the forecasts from the LU data. Following A1 and A2, for major product lines introduced to market in 1994 or earlier we used as a reference "actual sales 5 years after introduction (including loss/gain from sales of related products in the division)." 3M management maintains such records and the 5-year sales goal is part of 3M's project justification process. To provide comparable data, we translated all sales data into 1999 dollars. Following A2 for the major product line ideas generated from the LU process (and for two major product line ideas recently generated by non LU processes) we have forecasts of 5-year sales vs. actual figures for the historical major product lines.
After deflation of the forecasts as discussed earlier, we find that the average "sales in year 5"
for LU major product lines (n=5), is $146m, while the similar figure for major product lines generated by non LU methods (n=16, as we were able to obtain detailed data on only 16 of the 21 non LU major product lines) is $62m. (Table 3) . 
Range $67.5m -$232.5m $11.7m -$276m
Note 1: All LU forecasts are deflated for possible forecast error (by 25%). Note 2: For non LU 5-year estimates, the "forecast error deflator" was applied to only the 2 recent major product lines as the $sales data for all other major product lines refer to actual sales. Note 3: Data for historical non LU major product lines are adjusted using the CPI from the Economic Report of the President (2000). Note 4: Figures in brackets show the $sales when the lag in introducing Medical Products due to gaining FDA approval is taken into account. We refer to the lower, more conservative figures in the text.
We next test whether the mean LU major product line yields higher sales than those derived from non LU sources. At the p = .05 level we reject the hypothesis that these values are equivalent (Table 4) , providing support for H 1A , conditional on assumptions A1 and A2. *Note: these items were measured using a 10 point rating scale, where 10=high, 1=low Table 4 also provides profiles of the 5 LU major product lines and the 16 non LU major product lines for which we were able to collect data on the matters listed in that table. We find that the ideas for major new product lines developed by LU and non LU methods are relatively similar on most dimensions examined. However, as a comparison with the data in Table 1 shows, both are very different from our sample of currently funded ideas that were generated by non LU methods.
To test the hypothesis that the LU method produce major new product line ideas at a higher rate than do non LU methods (H 2 ) we look at the entire 4-year period during which the LU process was implemented at 3M and compare it (on a rolling basis) with all other four-year periods during 1950-2000. The average rate of major product line development during this half-century for the divisions studied was 1.64 per 4-year period. As Figure 1 shows, the highest rate achieved over a 4-year period was 7 major product lines, and this result was achieved during the 1997-2000 period during which the LU process was implemented by those divisions. During this period, 5 of the 7 major product lines developed were generated by LU methods. Non LU methods generated 5 or more major product lines in two of the 47, 4 year rolling periods.
Insert figure 1 here
To further explore the relative rate of major new product line generation using LU and non-LU methods, we look at three comparisons: (1) LU output vs. pre-1997 output; (2) LU output vs. non LU output, 1997 LU output, -2000 and (3) Pre-1997 output vs. all post-1997 output in the divisions studied. For comparison (1), assume that 3M generates major product lines at a (constant) rate that represents the null hypothesis of no difference in rate of major product line generation over time. Using the four year data in Figure 1 , that rate is 1.64 major product lines per four year period for non LU methods.
Then, a formal test of our hypothesis H 2 is: "What is the likelihood that a process that generates λ = 1.64 events on average per study period could generate 5 (or more) in a period?" (1997 ( -2000 . Using an assumption of a Poisson generation process (Grassman, 1981) , we calculate that P(5 or more|λ=1.64) = 0.025, providing support for H 2 (rejecting the null hypothesis at the 0.05 level). Thus, all three approaches provide support for H 2 : we find that the rate of major new product line generation using the lead user process is significantly higher than the rate historically seen at 3M in the 1950-2000 period using non LU idea generation processes.
Finally, we can perform additional tests of hypotheses 3 and 4 by referring back to Table 4 .
We investigated earlier how major product line ideas generated by the lead user method differed from those generated by non LU methods in terms of dimensions of organizational "fit" (see the last 3 rows of Table 4 ). As in our earlier sample and analysis, we reject the hypothesis (H 3 ) regarding a significant difference between LU and non LU major product lines on this matter. Also, and again in line with our findings from our earlier sample and analysis, we reject the hypothesis (H 4 ) that ideas generated by LU methods will be significantly less protectable by patent or other means of intellectual property protection than will ideas generated by non LU methods.
Discussion
Our study of lead user idea generation projects at 3M has yielded several interesting empirical findings. From our cross-sectional sample, we have seen that ideas generated by LU processes are much "better" than contemporaneous ideas generated by non LU methods. That is, we found that LU-generated ideas had projected sales in year 5 that were more than eight times higher than the sales of the contemporaneously funded projects: $146 million annual sales on average versus $18 million.
We also found that funded projects emerging from 3M lead user studies had significantly higher novelty (usually being judged "new to the world"), addressed more original newer customer needs, and also had significantly higher market share in year 5 (on average, 68% vs. 33% for non LU ideas) than did those from more conventional methods. Finally, we found that funded "breakthrough" ideas generated via the LU process offered as good a fit to existing divisional goals and competencies, and involved as high a level of intellectual property protection as did the more incremental ideas generated by non LU methods.
With respect to findings from our longitudinal sample of ideas for major new product lines generated by LU and non LU methods during the period 1950-2000, we highlight two findings as of significant interest. First, we found both sets ideas to be relatively similar in most respects. (Sales from major new product ideas generated by LU methods were significantly larger than sales generated by non LU methods; however the validity concerns described in section 2 concerning data collected for earlier members of our longitudinal sample do not allow us to assign high reliability to this finding.) Second, we found that the rate of new product introduction was significantly higher after use of the LU method began at 3M in 1997. The key finding here is not the rate itself: clearly, the rate of major new product idea generation resulting from LU projects will go up or down depending upon the number of LU projects funded by management. The key result is that ideas for major new product lines seem to be consistently produced by LU idea generation projects -at least as 3M practices this method. If this finding is supported by further empirical studies, it means that firms have a means to systematically generate breakthroughs at a high rate. This situation is very different from the historical situation at 3M, and elsewhere as well, we believe. Despite major pressure applied by 3M management for "breakthroughs," the firm was not able to systematically generate major new product lines prior to the introduction of the lead user method; development personnel constantly sought such ideas, and the few that succeeded were given major rewards and promotions.
Recall that our hypothesis H 3 -ideas generated by the LU process would be less compatible with key organization-fit criteria than would non LU ideas -was not supported. This result is a positive outcome for organizations employing the process. Other things being equal, firms will find it more profitable to adopt ideas that have a good fit with important existing organizational assets such as production facilities and distribution channels. Recall also that hypothesis H 4 -ideas generated by the LU process would be less protectable by patents and other forms of intellectual property protection than would ideas generated by non LU methods -was also not supported by our data. This result also favors use of the method as the ability to obtain intellectual property protection adds to the value of a new product or service idea.
Do lead user projects always succeed? The answer, clearly is no. Because we restricted membership in both our cross-sectional and longitudinal samples to funded ideas, we did not include any LU and non LU ideas that failed to cross this initial evaluation hurdle. We do know, however, that only 5 of the 7 lead user projects initiated during our period of study at 3M generated ideas that were considered worthy of funding by management. Thus, in this small sample the failure rate of Lead User projects with respect to crossing the hurdle of initial funding was 29%. We have no data about the number of non LU idea generation projects failing to cross this hurdle, but our fieldwork suggests that the non LU failure rate was at least as high as the LU failure rate.
Based on these findings, but relying most heavily upon our cross sectional results, we suggest that the strong relative performance of the LU method may be due to the fact that it systematically exploits rich need and solution information that is available from lead users but not available via traditional methods. If this conjecture is correct, then the question that motivated this study is answered in the affirmative: the LU idea generation method does appear to generate better resultsat least within 3M -and the process appears to merit further investigation and development.
3 3 3M top management seems to share this assessment as two quotes collected during our fieldwork suggest: "We were using traditional methods of marketing research in our division, and were able to achieve our corporate growth targets. However, we found that traditional techniques are not able to identify newly emerging breakthroughs in a rapidly-moving field like Telecoms. Now the Lead User process has been made the centerpiece of our new idea generation activities for product breakthroughs, and we have an abundance of radical new ideas. The challenge now is finding resources for all of them." --Roger Lacey, VP of 3M Telecoms Division. "This is probably the best process I've seen for replicating what originally made this company great. What made 3M was our people going out and creating solutions with leading edge customers. I think that, for a period of time, we lost a lot of that. It's very hard to create a process that will do it. But this [the Lead User Process] is the closest that I've seen … I'm glad that it's being adopted across the company." --Bill Coyne, 3M Senior VP of R&D.
6: Suggestions for future research
The lead user paradigm opens up a number of research opportunities. Among these are: (1) replication of empirical study of the process in other organizations, (2) new method development regarding how to identify users holding leading-edge information of commercial value; and (3) new methods to obtain information from lead users and build that information into commercially viable new product and service offerings.
With respect to opportunity 1, we note that we have to date studied only one organization -3M -which was simultaneously using both LU and non LU idea generation processes. Is there something idiosyncratic to 3M that has lead to the results that we find here? It is obviously important to understand this matter, and additional empirical studies are required to this end.
With respect to opportunities 2 and 3, consider that the LU idea generation process differs significantly from traditional idea generation methods. In the traditional idea generation paradigm, idea generation involves first identifying and quantifying the intensity of needs shared by many users and then having internal manufacturer personnel strive to create an idea for a novel product that users will find responsive to those general needs. In contrast, the lead user idea generation paradigm assumes that key elements of the desired creative idea for a breakthrough product, process or service already exist among leading-edge users, with the problem being to find it and develop its potential.
In other words, the key challenge in the traditional paradigm is idea generation, and in the lead user paradigm it is idea search.
The LU process analyzed here utilizes a networking procedure to identify and learn from only a few carefully selected lead users both within and outside the target market. Other possibilities exist for mining lead user information that also deserve exploration -and some may be able to build upon methods more traditionally used in quantitative marketing research. Thus, consider the emerging evidence that lead user innovation is not rare. Empirical studies of user innovation in four very different areas all show a significant fraction of users, ranging from 10% to 36%, reporting that they have developed or modified products. 4 In light of this evidence, methods to process information from many lead users simultaneously could be developed and explored.
For example consider that Luthje found that 9.8% of a sample of consumers of outdoor sports-related goods (collected from samples of users who receive mail order catalogs from firms in Germany with outdoor product lines similar to that of LL Bean) reported developing ideas for new or modified sporting products -with a significant fraction of these having developed prototypes. He also found that innovating users were lead users -experiencing needs ahead of the general market and expecting high benefits from a solution to those needs. The largest German club for outdoor sports enthusiasts has 610,000 members, suggesting that perhaps sixty thousand lead user innovations are present in this club alone. How can one find the individual gems within such a body of ore? Or is identifying and evaluating each innovation independently the wrong approach? Perhaps the most commercially promising innovations are those that rapidly spread within user communities in the form of user-made copies -in which case some form of evaluation by analysis of diffusion patterns might be useful.
In sum, we hope that these results will stimulate other researchers to explore and further develop what we now see as a promising new paradigm for the idea generation phase of new product and service development.
4 9.8% of users of outdoor consumer products reported innovating for own use (Luthje 2000) ; 26% of users of library information systems reported innovating for own use (Morrison et al 2000) ; 24.3% of users of printed circuit CAD software reported innovating for own use (Urban and von Hippel 1988) ; 36% of users of pipe hanger hardware reported innovating for own use (Herstatt and von Hippel 1992) . .
Note that development of seven major (new) product lines (MNPLs) within a four year period has occurred only once in the last half century--during the period corresponding to the use of the LU method. 
